ABSTRACT. Shear strength is one of the properties often used to qualify a wood species for use in industry. But until now there is no standardized test which allows understanding this phenomenon. This paper constitutes a new approach to study the behavior of the wood material subjected to the mode II fracture. For that we designed and realized a new prototype of a wooden specimen that we tested in our laboratory which gives rise to an evaluation of the fracture until separation by pure shear of the specimen in the TL plane. The experimental data from a first series of tests on Thuja wood (Tetraclinis Articulata (Vahl) Masters) as a test material as well as the calculation of mode II initiation fracture toughness and the critical stress intensity factor are presented in this paper.
INTRODUCTION
t the beginning of the 21st century, environmental issues require the special attention of researchers. The process of transformation of wood has been proved to be the least expensive in terms of energy. The study of the mechanical behavior of wood is rising especially after recommendations following the conference of parties (COP): Kyoto, Rio, Paris and Marrakech. It is for this reason that the environmental commitments of the participating countries further stimulate scientific research on wood material for a more massive use in the context of reasonable logging.
A
The study of this heterogeneous material requires knowledge of its behavior in the face of different solicitations, while knowing that wood as a natural material contains many defects, the application of the theory of fracture mechanics, which is a mean of estimating the stability of cracks in the immediate vicinity of the defects, is essential. It also makes it possible to predict the critical propagation length as a function of the loading applied. Accordingly, it is fundamental to provide accurate measurements of the fracture properties such as initiation fracture toughness under Mode I, Mode II, Mixed mode I + II and Mode III. The mode I fracture has been widely studied by different researchers using several types of standard specimens namely: compact tension (CT), single-edge notched tension (SENT), double-edge notched tension (DENT), single-edge notched three-point Bending (SENB) tests [1] [2] [3] [4] [5] and the Double Cantilever Beam (DCB). Concerning the DCB test specimen, its efficiency has been universally accepted thanks to its simplicity of design and realization for the measurement of toughness (GIC and KIC) by the simple beam theory [6] . Wood fracture behavior under shear is one of the phenomena until now not fully controlled, that is why several prototypes have been proposed to approach closely the nature of the fracture in mode II of rupture, the three main tests are based on flexure: the most commonly used test is the End-Notched Flexure (ENF) which is a beam-like test specimen containing an artificial crack on one side and is loaded under three-point bending. The application of the load is rather simple, the propagation of the crack from the initial crack is unstable except for the very large notch lengths a/L> 0.7 [7] . Studies using ENF have been performed with an a/L ratio of 0.5 [8] [9] [10] , so the propagation is unstable. Other researchers use End Loaded Split (ELS) [11] : The sound side of a prismatic/beam specimen is clamped while the side containing the artificial defect is loaded in the direction of thickness. The loading is generally applied to the test specimen via a load block. The ELS test makes it possible to obtain a stable crack propagation in mode II if the condition a/L>0.55 is respected [7] . Nevertheless, it requires a rather complicated assembly to maintain the boundary conditions. Finally, there is the most recent 4-Point Bend End-Notched Flexure (4ENF) test specimen: a specimen containing an artificial defect on one side and loaded under four-point bending; this prototype has the advantage of being the most stable, but the acquisition of results requires sophisticated equipment. In this paper, a new test prototype is presented which is easy to use and stable and in which the rupture of the specimen can be perceived under mode II. 
MATERIAL AND METHODS
he experimental work consisted in subjecting thin, notched flat specimens with different cut lengths to Mode II tensile tests. All specimens and the gripping device were specially designed and produced for the purpose of this research.
Test material
The material used is Moroccan Thuja "Tectracanalis Articulata" from the Middle Atlas plateau (Khemissat region). In Morocco, Thuja occupies a total area of about 680 000 ha (equivalent to 11.7% of the total area covered by the Moroccan forest) and plays an important socioeconomic role in the satisfaction of Local needs of riparian populations for rangelands, firewood and various service woods [12] . These trees have no defects or rot. By respecting the various dimensions according to the specificities of the test, the test specimens were made from 25 mm thick ridges. In order to better characterize the material, physical and mechanical characterization tests.
 Physical measurements
The moisture, the densities and the shrinkage along the three axes are determined on cubic specimens (20 mm × 20 mm × 20 mm) respectively according to standards NF B 51-004, NF B 51-005 and NF B 51-006.
 Mechanical measurements
The longitudinal elastic modulus El and the static flexural strength σfs were determined by 4-point bending tests using prismatic specimens of (20 mm × 20 mm × 360 mm) cut aligned to the three symmetry directions of the wood in compliance with standard NF B51-008. Compression tests were carried out to determine the stress at break σ a according to the NF B 51-007 standard and finally shear tests on test pieces whose dimensional specificities are detailed in standard NF B 51-012 were also performed to evaluate the longitudinal shear strength, R LC . T  Prototype of the fracture specimen designed The fracture specimens used were made from logs of Thuja trees from the plateau of the Middle Atlas of Morocco. These specimens are intended for crack propagation under mode I+II but dominated by mode II. Fig. 2  Principle of the test The specimens are provided by a mechanical cut made using a jigsaw. A suitable device has been set up to have a precise notch depth and to ensure a displacement parallel to the base plane of the groove; the details of this mechanical notch are shown in Fig. 3 . This operation was reproduced on twenty-five specimens that were placed in a climatic chamber at a temperature of 10 ° C and 74% of humidity until material stabilization at moisture content of 15%. Before each test, a razor blade was used to increase the sharpness of the mechanical notch, granting consistency with the Linear Fracture Mechanics.
 Conduction of tests
The test specimens were placed in a universal test machine type "MTS 810", which allows the conduction of controlled tensile tests. This machine is equipped with a computer with control software which gives the recordings of the variation of the applied load as a function of the spacing of the lips of the crack for each specimen under test. This applied load is measured by the load cell installed on the upper cross-member of the machine. Load-displacement records are viewed on a computer screen and then stored for analysis. The two ends of the test specimen are then introduced into the gripping device as illustrated in Fig. 4 . The testing machine allowed the application of an axial tensile force parallel to the wood grain on a series of 25 test specimens with a constant speed of 0.5 mm/min. This loading allowed the propagation of the crack until a shear rupture surface was created.
RESULTS AND DISCUSSION
he experimental results of a test carried out under the same conditions are presented in the following. The behaviour of our test piece during the test can be qualified as elastic under the action of the applied load. Fig. 6 shows the superposition of the load / displacement curve obtained for Thuja wooden specimens. It is noted that the crack propagates linearly until reaching the maximum load. It is also noted that the curve experiences oscillations during loading which can be explained by heterogeneities of wood, internal defects, variability in growth rings. Cracks tend to propagate in growth rings corresponding to early wood (low intensity). To ensure the validity of our results and to consider the scatter, the tests were carried out on batches of 25 test pieces, taking care to distribute them in five small batches of five test pieces each with a notch length a (a = 4, 6, 8, 10, 12 mm). Fig. 7 shows the load-displacement curves for different initial crack sizes of the test specimens tested. With a constant test speed of 0.5 mm / min as previously reported, the average tensile load decreases as the crack length increases as shown in Tab. 3. It is noted that the maximum loads vary from one test to another with the same notch length and under the same conditions; a normal thing due to the high heterogeneity of the wood material but the appearance of the curves remains consistent.
Force-displacement curves

The G IIC mode II initiation fracture toughness and the K IIC stress intensity factor of the Thuja massive wood.
Experimental approach has helped to determine two important parameters, namely the strain energy release rate and the stress intensity factor. To do this, we started by determining the compliance as a function of the crack size. The set of loaddisplacement curves provides several values of the compliance Ci (ai), defined by the slope of the load-displacement curve C = δ/P (see Fig. 8 ), where δ and P represent the displacement and the applied load, respectively. The experimental points were smoothed using a polynomial of order 3. To perform the calculations, the following assumptions were assumed:
 Wood is a homogeneous material because the dimensions of the specimen are large compared to the difference between the diameters of two consecutive rings.  The elastic behavior is valid.  The orthotropic stiffness matrix is known.  The elastic constants used hereinafter, listed in Tab. 4, were determined using the predictive model developed by  Guitard, knowing that the density of wood is d = 0.60 g / cm 3 [14] . To facilitate the comparison of results with the literature, while knowing that almost most researchers in this component uses this database.  The GIIC mode II initiation fracture toughness. G, the initiation fracture toughness corresponding to a small crack increment can be computed using the analytical form according to IRWIN-KIES [6] :
where B is the thickness of the specimen; P is the applied load and a the crack length.
The critical value of G II , G IIc , is then found by measuring the critical load Pc needed to fracture a specimen containing a crack of length ac, and using the slope of the compliance curve at this same value of a [13] : We note that:
Where m and C 0 are determined by a linear regression of the experimental curve C as a function of a 3
The critical stress intensity factor KIIC Mode II initiation fracture toughness G II and stress intensity factor K II , assuming elastic linear behavior, are related to each other. The relationship between these two quantities is obtained using the following equation [14] : We set the mean value of the Mode II initiation fracture toughness G IIC and the K IIC critical stress intensity factor determined using respectively the formulas cited previously in (3) and (4) in Tab. 5. Knowing that a material subjected to stresses contains stored elastic energy stored, during material cracking, there is an energy release.
In Fig. 9 a dispersion is observed for each value of a, except for the values of 8 and 10 mm, this dispersion is less visible. It is also observed that the propagation of the crack is stable from the ratio a=6mm. Hence a quasi-stability of our prototype, we can conclude that for values greater than a / W = 0.3 GII and KII, are a characteristic of the wood material. We cannot conclude without comparing our results with the literature. However, the wood has a lot of inter and intra-tree dispersal; moreover the moisture rate and the conditions in which the tests were carried out have a great influence on the results. We can only compare orders of magnitude. In Tab. 6 we compare our results with the literature. 
CONCLUSION
new test method for the study of the behavior of wood material subjected to a shear stress in the longitudinal plane was developed. The experimental protocol of this test was applied to a first series of a resinous species: Thuja of Morocco. We were able to determine G IIC and K IIC from the typical recording of the load-displacement curve during the stable propagation of the crack and using the method of complacency. These results were compared with the literature where it was observed that our approach presents an ease in the production and application of the specimens for mode II propagation. Unlike other devices previously presented the comparison of the results shows a high consistency.
